then proceed on their contralateral journey, and the Robo/Slit repulsion system prevents them from recrossing the midline.
In a recent paper in Neuron, Tear and colleagues suggest that the downregulation of Robo during the approach to the midline is a ubiquitin-mediated process. Using the cytoplasmic domain of Comm as bait in a yeast two-hybrid screen, they identified the Drosophila homolog of Nedd4, a HECT domain containing E3 ligase as a partner in this process (Myat et al., 2002) . Comm was shown to be ubiquitinated by DNedd4 in a process that depended on the protein-protein interaction domain. When Robo alone was expressed in Drosophila S2 cells, it was localized to the cell surface, whereas when Comm alone was expressed it was predominantly located intracellularly in what appeared to be endosomes. When Comm was coexpressed with Robo, both it is at the midline. However, the target protein being regulated by Comm in the muscle remains unknown, and During the second phase of its interaction with the midline, the growth cone is released from Comm-media direct role for ubiquitin remains to be demonstrated.
Ubiquitin and Synaptic Stabilization ated inhibition. Keleman et al., (2002) show that comm mRNA disappears and as a result Robo is up-regulated
After the axon terminal is transformed from growth cone to synapse, the ubiquitin system is well suited, through on the surface and can again repel the growth cone from the midline and prevent its re-crossing. However, ubiquitination or deubiquitination, to regulate the strength of the connection. In a genetic overexpression screen the transition which leads to the absence of comm expression once the growth cone has left the midline redesigned to detect modifiers of synaptic growth in Drosophila, DiAntonio and his collaborators have demonmains a mystery.
The counterpoint to the repellent system, the at- , 2002) . At the neuromuscular junction it appears that Faf is regulathaps inhibition of the proteasome stabilizes repellent receptors like Robo, which might then block netrin reing the molecular machinery required to stabilize the synapse, presumably by altering the proteins at the synceptor activity. In nonneural tissues, DCC/Fra has been found to be ubiquitinated, and its degradation via the apse, although exactly how this is accomplished remains unknown. proteasome-dependent pathways is mediated by a RING E3, known as Siah in vertebrates (Hu et al., 1997) .
In order to find other components of the ubiquitindependent machinery at the neuromuscular junction, The results on cultured vertebrate neurons suggest an important function for the ubiquitin system in NetrinDiAntonio and colleagues screened for genes that would enhance the faf overexpression phenotype and isolated DCC/Fra signaling and growth cone behavior, although its exact role in vivo remains unknown. However, these a gene called highwire. Ubiquitous Ubiquitin push-pull system fine tunes synaptic strength during
In conclusion, these examples show that ubiquitin is development. While further study is necessary to deterinvolved in the dynamic and exquisitely precise regulamine the details of these pathways, there can be little tion of protein trafficking during the assembly of neural doubt that ubiquitin regulates synaptic stabilization.
circuits. The work provides a point of entry to a whole Whether it is a general regulation of endocytosis through new world of neural regulation, and work in the next polyubiquitin and a proteasome-mediated process as few years promises to uncover many more roles for in the eye or monoubiquitin that regulates trafficking of ubiquitin. One of the outstanding questions now is how a cell surface protein remains to be determined. ubiquitination is regulated temporally and spatially to Synaptic Plasticity control the various processes during the development Finally, ubiquitin is involved in synaptic plasticity. In of neural circuits, and this will be a focal point in the Aplysia, ubiquitin regulates the strength of a connection next wave of papers on ubiquitin and the nervous sysduring learning and memory (Hegde et al., 1997) . In a tem. Soon, like other areas of cell biology where a literaseries of elegant experiments, Kaplan and his colture search on "ubiquitin" is likely to turn up hundreds, leagues show in the nematode worm C. elegans that if not thousands, of references, the growing tide of ubithe strength of glutamatergic synapses is regulated by quitin will no doubt swamp the neurosciences as well. ubiquitin (Burbea et al., 2002).
